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571 ABSTRACT

A cellular telephone system includes a plurality of base
stations which cover a plurality of cells. The system
also includes a plurality of portable telephones commu-
nicable with the base station over radio frequency chan-
nels. A base station covering a given cell transmits an
IM control signal indicating that there exists IM inter-
ference in the given cell. In response to the IM control
signal, each of the portable telephones reduces its re-

ceiver sensitivity, so that the IM interference can be
alleviated.

2 Claims, 6 Drawing Sheets

CONTROLLER 31

:



U.S. Patent Aug. 24, 1993 Sheet 1 of 6 5,239,683

FI16.2
TN
PSTN BASE
(MCS) STATION
. / 30
| - /j’-/
| ///
rd g

\/

PSTN BASE
(MCS) STATION



U.S. Patent Aug. 24, 1993 Sheet 2 of 6 5,239,683

| 120 | 72

| ~
FI6.3 . , .
N . 195
{ VTRYX \/
E
ANT -
|IHH||

PSTN
(MCS)

VIRX
CHn

DTRX

-4.

76

7

. v | | SPECTRUM
. SrecTR

START

RECEIVE ¢
SPECTRUN DATA |

ANALYZE FIELD Y.
STRENGTH FOR

EACH FREQUENCY

, 53
RECEIVE
CHANNEL DATA

CALCULATE IM 54
DISTORTION

SUPPLY RESULT |—S9
T0 EQPMNTTI |



U.S. Patent Aug. 24, 1993 Sheet 3 of 6 - 5,239,683

————i—  FIG.4

—
DUP CONTROLLER 37

3¢ M

33
TRANSMITTER HANDSET
| SECTION 10

_ BATTERY
S5V 3y

——— — 408
- 409

|
| " . I . 1
.| ' r__cm;rs R ’" 407, | |anaLoc
oW
] N < [

_ ——— -l 403 405
| | CONT'R
b]1] RF AMP 301 RF_AMP ‘ 055
301 i

FIG.SA  FI6.58



U.S. Patent Aug. 24, 1993 ‘Sheetdof 6 5,239,683

dBu '
. . 101 |
10 : o = IM
60 I SENSITIVITY
' | AMPLIFICATION
50 5 ; ®—="FACTOR
40 - — ] o —— RECEPTION
30 . _ T SENSITIVITY
' |
20 ‘
10 _ ‘
0 2 ] 103y ¢
= Fe.T
| | e 3 4 5

BIAS VOLTAGE v

~ BASE PORTABLE
STATION TELEPHONE

SI8

TRANSMIT 1M | “
CONT SIG.ON } ——*
THE USED S-CH}
’ REDUCE IM
cougsggmon SENSITIVITY
N

CONVERSATION

WAITING

FI16.9



U.S. Patent Aug. 24, 1993 Sheet 5 of 6 ' 5,239,683

BASE PORTABLE
FIG.8 STATION TELEPHONE
i ' S|
TRANSMIT - )

CALLING SIGNAL

RECEIVE

CALLING SIGNAL
| TRANSHIT

S 12 RESPONSE SI6

NO RECEIVE
~RESPONSE SIG.

YES SH3

TRANSMIT CH
DESIGNATE 8 | —»
IN CONT SIGNALS

RECEIVE CH
DESIG. SIGNAL

YES
Y.
CHANGE CH

522
523
NO
4
T0 DESIG. CH
$25

514
- NO
TRANSMIT LOOP| __o
S16. ON DESIG. CH
' REOUCE IM | -S26
SENSITIVITY
' - 527
RECEIVE NO
LOOP SIGNAL
- YES 528
< | TRANSMIT
- b - | LOOP SIGNAL
NO RECEIVE -
_LOOP SIGNAL

516 ~NCVES  si 529 530
' OPEN OPEN WAITIN



U.S. Patent Aug. 24, 1993 Shget 6 of 6 ' 5,239,683

BASE MOBILE
STATION S TELEPHONE
o4l
1 TRANSMIT IM _——
CONT SIGNAL IHRE%%!TVEWNAL
ON C-CH

3 552
542 REDUCE IM
@ NO | SENSITIVITY
_ RECEIVE
IM CONT SIGNAL -
NO
i 554
YES 595

RETURN IM
SENSITIVITY
- T0 NORMAL



5,239,683

1

CELLULAR TELEPHONE SYSTEM CAPABLE OF
REDUCING IM DISTORTION AT PORTABLE
TELEPHONE

BACKGROUND OF THE INVENTION

- The present invention relates to a cellular telephone
system and, more particularly, to a cellular telephone
system having some cells in which intermodulation
(IM) interference occurs.

A cellular telephone system includes a plurality of

‘base stations covering a plurality of zones, or cells,

respectively. While radio frequencies are assigned to
each base station so that no interference occurs, IM, or
cochannel, interference cannot be completely elimi-
nated. Furthermore, this situation would be aggravated
by introducing a new system into an area covered by
the existing system. Especially, when the two base sta-
tions of the new and existing systems, which use adja-
cent radio frequencies, are installed in the same cell, IM
interference is likely to occur. If a portable, or mobile,
telephone receives at least two radio frequencies adja-
cent to each other, IM interference may occur.

SUMMARY OF THE INVENTION

An object of the present invention is, therefore, to
provide a cellular telephone system capable of reducing
intermodulation (IM) interference at a portable, or mo-
bile telephone. |

Another object of the present invention is to provide
a portable, or mobile telephone for use in a cellular
telephone system and capable of reducing IM interfer-
ence by reducing its IM sensitivity.

Yet another object of the present invention is to pro-
vide a portable, or mobile, telephone capabie of not
only alleviating IM interference but also having a wider
communications area.

According to the present invention, there is provided
a cellular telephone system comprising a plurality of
base stations which cover a plurality of cells. The sys-
tem also includes a plurality of portable, or mobile,
telephones communicable with the base stations over
radio frequency channels. A base station covering a
given cell transmits an IM control signal indicating that
there exists IM interference in the given cell. In re-
sponse to the IM control signal, each of the portable
telephones reduces its sensitivity, so that the IM inter-
ference can be alleviated.

BRIEF DESCRIPTION OF THE DRAWINGS

‘The above and other objects, features and advantages
of the present invention will become more apparent
from the following description referring to the accom-
panying drawings, in which:

FIG. 1 shows an illustration of a cellular telephone
system to which the present invention is applicable;

FI1G. 2 1s a schematic block diagram showing part of
the FIG. 1 system; | |

FIG. 3 is a schematic block diagram showing a base
station according to the present invention;

F1G. 4 1s a schematic block diagram showing a porta-
ble telephone according to the present invention;

FIGS. 5A and 5B are schematic diagrams showing
specific circuits of an RF amplifier power supply con-
trolier 311 shown in FIG. 4;

FIG. 6 shows a flow chart describing the IM interfer-
ence measuring operation of the FIG. 3 base station;
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FIG. 7 1s a graph showing the characteristics of RF
amplifier bias voltage vs. IM sensitivity, amplification
factor and reception sensitivity; and

FIGS. 8, 9 and 10 are flow charts describing the
operations of the FIG. 3 base station and the FIG. 4
portable telephone.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

To better understand the present invention, problems
pertaining to a conventional cellular telephone system

‘will first be described referring to FIGS. 1 and 2. In

FIG. 1, cellular telephone system has a service area
which 1s divided into a plurality of cells Z1-Z20. A
plurality of base stations are installed in the cells Z1-
220, respectively. For example, a base station 7 is In-
stalled in the cell Z7 to cover that cell. Although radio
frequency channels are assigned to each base station so
that no interference occurs, IM interference cannot
completely be eliminated, as mentioned earlier.

Furthermore, in some countries, two cellular tele-
phone systems are allowed to be installed in a single
area. Aside from the existing system, a new system is
introduced into the single area. In this situation, two
base stations may exist in a cell. In the cell Z7, for in-
stance, the existing station 7 and a new one 21 coexist. If
these two base stations use radio frequencies adjacent to
each other, IM interference may occur at a portable
telephone in the cell Z7.

More definitely, in FIG. 2, a portable, or mobile tele-
phone 30 in the cell Z7 receives radio frequencies from
the base station 21 as well as the base station 7, which
stations are coupled to a public switching telephone
network (PSTN) through a mobile control station
(MCS). When the received frequencies are near, IM
interference is very likely to occur due to the nonlinear-
ity of portable telephone 30. The present invention is
mainly aimed at alleviating such IM interference.

According to the present invention, the base station 7
detects in advance whether IM interference exists in the
cell Z7. If IM interference exists in a given radio fre-
quency channel, the base station informs the portable
telephone 30 of the existance of IM interference. In
response, the portable telephone 30 decreases its IM
sensitivity by reducing a vias voltage applied to its radio
frequency (RF) amplifier and/or frequency mixer. By
reducing the IM sensitivity, IM interference can be
alleviated. |

When the portable telephone 30 is in a cell Z20, no
IM interference would occur. In this case, the portable
telephone 30 makes the IM sensitivity normal, resulting
in obtaining a wider communicable area.

In FI1QG. 3, a base station 7 includes a plurality of voice
transmitter/receiver (VTRX) units 721-72n (n is a posi-
tive integer) which respectively correspond to a plural-
ity of speech, or voice, radio frequency channels as-
signed to the base station 7. The base station 7 also
includes a data transmitter/receiver (DTRX) unit 73
which corresponds to a control radio frequency chan-
nel and transmits and receives control signals to and
from portable telephones within a cell Z7 covered by
the station 7. The VTRX and DTRX units are coupled
to an antenna 78 via an antenna duplexer 74 and to radio
control equipment 71 which in turn is coupled to PSTN
through a mobile control station (MCS). The above-
mentioned construction of the base station is well
known in the art and thus no further description thereof
will be provided in this specification.
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The base station further includes a spectrum analyzer
77 and a controller 76 between the radio control equip-
ment 71 and the antenna duplexer 74. The spectrum
analyzer 77 receives and analyzes radio frequencies
which include at least the radio frequencies assigned to
the base station 7. The analyzed result is supplied to the
controller 76 whose operation flow is shown in FIG. 6.

In FIG. 6, the controller 76 receives at step S1 the
analyzed result from the spectrum analyzer 7. Then, the
controller 76 determines at step S2 field strength for

each frequency to be analyzed, based on the analyzed
result. After receiving channel frequency information

from the control equipment 71 at step S3, the controller
76 calculates IM distortion with respect to each radio
channel, based on the determined field strength and on
the channel frequency information (see step S4). For
further information about the calculation of IM distor-
tion, reference is made to *“Microwave Mobile Communi-
cations,” pp .281-287, by William C. Jakes, Jr., pub-
hished by John Wiley & Sone, 1974, which is incorpo-
rated into this specification. At step S5, the controller
76 supplies to the radio control equipment 71 the calcu-
lated result indicating whether IM interference is de-
tected or not. If IM interference is detected, the control
equipment 71 transmits to a portable telephone via
DTRX or VIRX unit an IM control signal indicating
that there exists IM interference, which will be de-
scribed in detail later.

In FIG. 4, a portable telephone 30 includes a receiver
section 33 connected to an antenna 31 through an an-
tenna duplexer 32. The output of receiver section 33 is
fed to a controller 35 to which a handset 37 and a trans-
mitter section 34 are also coupled. The transmitter sec-
tion 34 is connected to the antenna 31 through the an-
tenna duplexer 32. An audio frequency (AF) gate 351
within controller 35 couples the receiver section 33 and
the transmitter section 35 to the handset 37. The tele-
phone 30 further includes a battery 36 applying a direct
current (DC) voltage to various parts of telephone 30
but their connections are omitted for simplicity.

The antenna 31 picks up a radio frequency (RF) sig-
nal and supplies it to an RF amplifier 301 in the receiver
section 33. The RF amplifier 301 amplifies the supplied
RF signal and supplied the amplified signal through a
band-pass filter (BPF) 302 to a first frequency mixer 303
to which a first local oscillation signal is also supplied
from a first local oscillator 304. The local oscillator 304
may comprise a frequency synthesizer whose output
frequency can be changed in accordance with a channel
designate signal from the controller 35. The first fre-
quency mixer 303 frequency mixes the RF signal and
the first local oscillation signal to produce a first inter-
mediate frequency (IF) signal.

The first IF signal is supplied to a second frequency
mixer 306 through an IF BPF 305. The second fre-
quency mixer 306 also receives a second local oscilla-
tion signal from a second local oscillator 307 and fre-
quency combines the first IF signal and the second local
oscillation signal to produce a second IF signal. The
second IF signal is supplied through a BPF 308 to an
amplifier 309 to be amplified. The amplified signal is
supplied to a frequency discriminator 310 which fre-
quency discriminates the amplified signal to produce a
baseband signal. The frequency discriminator 310 may
be replaced by other type of demodulators in accor-
dance with the modulation methods of received signals.
The baseband signal includes either a voice signal or a
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control signal and is fed to the controller 35. The voice
signal is ronted to the handset 37 via the AF gate 351.

An audio signal is inputted from the handset 37 and
supplied to the transmitter 34 through the AF gate 351.
A control signal is also supplied to the transmitter 34
from the controller 35. The transmitter 34 transmits the
supplied signals over a radio frequency signal via the
antenna duplexer 32 and antenna 31. The transmitter 34
may tune itself to a radio channel designated by a chan-
nel designate signal from the controller 35. The forego-
ing operation of portable telephone 30 is known in the
art and thus no further description will be given here.

When the controller 35 receives an IM control signal
indicating that IM interference exists, the controller 35
causes an RF amplifier power supply (PS) controller
311 to reduce a DC bias voltage supplied to the RF
amplifier 301, so that the sensitivity of receiver section
33 is reduced. The reduction in the sensitivity can alle-
viate IM interference. The PS controller 311, which
will be described later, is applied with a DC voltage
from the battery 36 and is under the control of control-
ler 35 by means of a line indicated by a level “A.”

Referring to FIG. 7, when a bias voltage to the RF
amplifier 301 increases, all the IM and reception sensi-
tivities 101 and 103 and the amplification factor, or gain,
102 of RF amplifier 301 increase. Whereas when the
bias voltage decreases, the IM sensitivity 101 also de-
creases, so that IM interference can be eased.

Returning to FIG. 4, a bias voltage to the first fre-
quency mixer 303 may be changed in addition to or
instead of the bias voltage to the RF amplifier 301. This
bias voltage change of the mixer 303 will provide effect
similar to that obtained by charging the bias voltage to
the RF amplifier 301.

In FIG. §A, the PS controller 311 includes a lower (3
V) and higher (5§ V) voltage stabilizers 402 and 401
whose output voltages are selectively applied to the RF
amplifier 301 by means of a switching circuit 403. More
specifically, when IM interference exists, the controller

35 causes the switching circuit 403 to connect the lower

voltage stabilizer 402 to the RF amplifier 301. On the
other hand, when no IM interference exists, the control-
ler 35 causes the switching circuit 403 to connect the
higher voltage stabilizer 401 to the RF amplifier 301.

In FIG. 5B, the PS controller 311 includes an opera-
tional amplifier 405 to which a DC voltage is applied
from the battery 36. The inverting input of amplifier 405
is connected to the output of same and to the RF ampli-
fier 301. The non-inverting input of amplifier 405 is
connected to one end of a resistor 406 the other end of
which is grounded. The non-inverting input is also con-
nected to one end of a resistor 407 the other end of
which is connected to one end of a resistor 408. An
analog switch 409 is connected in parallel with the
resistor 407. The other end of resistor 408 is coupled to
the battery 36.

In operation, when IM interference exists, the con-
troller 35 renders the switch 409 open so that the output
voltage of amplifier 405 decreases. Whereas in no exist-
ance of IM interference, the controller 35 renders the
switch 409 closed so that the amplifier 405 output volt-
age 1s maintained to be a normal level.

In FIG. 8, if a base station receives from a PSTN a
call to be sent to a portable telephone, the base station
transmits a calling signal to the portable telephone over
a control radio channel at step S11. The portable tele-
phone which is waiting on the control radio channel
recetves the calling signal and in response thereto re-
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turns a response signal to the base station at steps S21
and $522. The base station check at step S12 if it receives
the response signal. If not, the base station goes to a
waiting state (step S16). If receiving the response signal,
the base station transmits to the portable telephone at
step 513 a channel designate signal designating a speech
radio channel to be used for conversation between the
base station and the portable telephone. At the same
time, if IM interference exists in the designated channel,
the base station sends to the portable telephone an IM
control signal indicating that the designated speech
channel 1s affected by the IM interference. After step
$13, the base station transmits a loop check signal to the
portable telephone over the designated speech channel.

At step S23, the portable telephone sees if it receives
the channel designate signal. If not, the telephone pro-
ceeds to a waiting state (step S30). If receiving the chan-

10

15

nel designate signal, the telephone tunes the transmitter

and receiver sections 34 and 33 (see FIG. 4) to a speech
channel designated by the channel designate signal.
Thereafter, the telephone checks at step S25 if the IM
control signal is received. If it is received, the telephone
reduces the bias voitage to the RF amplifier 311 (FIG.
4), i.e., reduces the IM sensitivity at step S26. If no IM
control signal is received and after step S26, step S27 is
performed to see if the portable telephone receives the
loop check signal. If no loop check signal is received,
the telephone goes to step S30 to enter the waiting state.
Otherwise, the telephone returns the loop check signal
to the base station step S28 and then opens the AF gate
to begin conversation at step S29.

The base station checks at step S15 if the loop check
signal is returned. If not, the base station moves on to
step S16 to enter the waiting state. If receiving the
returned loop check signal, the base station opens the
- AF gate of the VTRX corresponding to the designated
speech channel to start conversation.

The portable telephone may travel during conversa-
tion from one cell in which there is no IM interference
to another cell in which there is IM interference. In this
case, the operation shown in FIG. 9 will be performed.
In FIG. 9, the base station transmits an IM control
signal over a designated speech channel at step S18 to
the portable telephone which is engaged in conversa-
tion with the base station over the designated speech
channel. The IM control signal is superimposed on a
voice signal transmitted over the designated speech
channel. Step S18 is followed by step S19 at which the
base station checks if the conversation ends. If yes, the
base station returns to a waiting state (step S20). The
portable telephone checks at step S31 if it receives the

IM control signal on the designated speech channel. If
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yes, the telephone reduces the sensitivity of receiver
section 33, so that IM interference is alleviated. Step
S32 1s followed by step S33 at which the telephone sees
whether conversation ends or not. If so, the telephone
goes Into a waiting state. If the answer at step S31 or
833 1s negative, the operation returns to step S31.

FIG. 10 is a flow chart of another embodiment of the
present invention which shows how the base station
informs the portable telephone that IM interference
exists. In FIG. 10, the base station periodically transmits
on a control radio channel an IM control signal (see
steps S41 and S42). The portable telephone monitors the
control radio channel to see at step S51 if the telephone
receives the IM control signal. If yes, the telephone
reduces its receiver sensitivity at step S52. Then, the
telephone monitors again the control radio channel at
step S53 to see if it receives an IM control signal. If the
telephone receives no IM control signal within a prede-
termined period of time (see step S54), it resumes the
sensitivity at step S55 from which the operation returns
to step S51.

What is claimed is:

1. A mobile telephone comprising:

a means for receiving a radio frequency signal to

produce a received signal;
RF amplifier means for amplifying said received sig-
nal to produce an amplified signal;

means for demodulating said amplified signal to pro-
duce a baseboard signal;

means for detecting from said baseband signal a con-
trol signal indicating that there is intermodulation
interference; and

power supply means responsive to said control signal

- for reducing the gain of said RF amplifier means;

battery means for applying a DC voltage to said tele-
phone, wherein said power supply means com-
prises:

an operational amplifier supplied with said DC volt-
age as a drive voltage, the inventing input and
output of saild operational amplifier being con-
nected to said RF amplifier means; '-

a first resistor connected between the non-inverting
input of said operational amplifier and ground;

a second resistor connected between said non-invert-
ing input and said battery; and

a switch connected in parallel with said second resis-
tor, said switch being open in the presence of said
control signal and being closed in the absence of
said control signal.

2. A telephone as claimed in claim 1, wherein said

switch comprises an analog switch.
* ¥ %X =% ¥
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